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BY MB. HENRY DAVEY, Nember of Counctl. - 
A great deal has been written on the Steam-Engine generally, but 

the author has not met with any connected record of the invention end 
construction of the first steam-engine-the Atmospheric Engine of 
Newcomen. Unfortunately i t  does not appear that much detailed 
information is available; but the author has been able to bring together 
some facts, which, with the aid of appendices contributed by others, and 
with some illustrations of the engine itself, may be found to form a 
useful contribution to place on record i n  the Proceedings of the 
Institution. There are not many examples of the engine now in 
existence; and when they are consigned to the scrap heap, that 
receptacle of great efforts of the past, all wilI perhaps be forgotten. 

Towards the end of tho seventeenth century, philosophers and 
mathematicians searched for a new mekhod of obtaining motive 
power. Mining was an important industry, requiring in most cams B 

new power, in order that the mines might be worked to greater depths. 
Water-power where available was often insufficient ; and xnenual and 
animal power were altogether too small and too expensive for working 
any but shallow mines. Deep mining was and is possible only with 
pumping machinery. Water-wheels were used for working pumps. 
The construction of the common pump was known. Papin had 
proposed to transmit power by means of pistons moving in cylinders 
and acted on by the atmosphere, a vacuum having been formed under 
:the pistons by the explosion of gunpowdcr ; and he even hinted that it 
might be done by steam. I t  was claimed for Papin that he invented 
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the steam-engine, because in 1685, in one of his letters, he illustrated 
what was known of the properties of steam, by saying that if water 
were put in the bottom of a cylinder under a piston, and the cylinder 
were put on a fire, the water would evaporate and raise the piston ; 
and that if, after tho piston had been raised, the cylinder were remored 
from the fire and cooled, the steam would condense and the piston 
would descend; but this was only an illustration of common 
knowledge. Sir Samuel Morland had, in 1683, stated * that steam 
occupied about two thousand times the space of the water from whicb 
it was produced ; and had made some calculations as to the powers 
t o  be obtained from different sized cylinders, but had suggested no 
practical mode of operation. Experiments to determine the density 
of steam were made by John Payne in  1741, published in the 
Philosophical Transactions, vol. xli, pBge 821. As the result of these 
he concluded that one cubic inch of water formed 4,000 cubic inches 
of steam. Beighton calculated, from an experiment with the G r i i  
engiae, the second Newcomen engine erected, that the specific volume 
of steam was 2,893. The properties of steam were probably no better 
known to philosophers than to the ordinary observer who bad seen 
the lid of a kettle dance under pressure, or steam issue from the 
spout. The only practical application of steam a as made by Savery, 
who, in 1696, described his invention in a pamphlet entitled cc The 
Miner’s Friend.” Savery’s engine was R pistonless steam-pump-in 
fact, the pulsomcter of to-day without its automatic action. It 
remained for Newcomen to combine the bits of common knowledge 
in his mind for inventing the steam-engine. He was a blacksmith, 
probably accustomed to invent methods of construction in the 
prosecution of his art. At that time mechanics were more self-reliant 
than they are now. He knew from experience what a lever was, a 
pump, a piston, a cylinder, a boiler ; and he knew that the atmosphere 
had pressure, and that steam possessed a far greater volume 

* See Tredgold’s “ Steam Engine,” 1833. 
t “The Miner’s Friend’’ was published in 1696 ; and a dialogue in anmer  

to objections in 1699, and both together in 1702. Savery‘s Patent is dated 1698, 
or two years after the publication of “The Miner’s Friend.” Bee B. Stuart’s 
‘‘ Descriptive History of the Steam-Engine.” 
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than the water which produced it. It did not Tequire much 
more than common knowledge and observation to reelise that. 
To produce the steam-engine from such known facts required 
invention. Philosophers probably conceived what might be done; but 
Newcomen had the advantage of seeing what could be done, and he 
did it. The engine when produced was imperfect; but defects 
became obvious to the designers and constructors of steam-engines, 
and the want of perfection at the present day is not from want of 
theory, but because of practical limitations and the wunt of practical 
invention. The theory of the steam-engine has followed its application, 
which is the natural order of things. Ascertained facts form the 
befit foundation of theory. Watt’s invention of the separate condenser 
was founded comparatively on no greater theoretical knowldge than 
Newcomen’s invention of the engine itself. Watt was probably a 
better educrrted man than Newcomen ; but no knowledge supgriur to 
that possessed by many others was necessary for the invention of the 
separate condenser. Watt roughly ascertained the specific volume of 
steam, and so did Morland, and the makers of Newcomen’s engines, 
incorrectly. 
text-book edited by Dr. Brewster ; * but qpantitative results did not 
determine oither invention. There are so-called inventions which 
are nothing more than obvious combinations of mechanism, but. 
inventors such ss Nowcomen and Watt are pioneers who disoover and 
occupy the country, whilst  the theorists are surveyors who follow 
to measure it up. 

At this distance of time it is difficult to appreciate the inventive 
power required to produce the atmospheric engine from the crude ideas 
of Papin and others. It appears, from papers in possession of the Royal 
Society, that Dr. Hooke had demonstrated the impracticability of 
Papin’s scheme, and, in a letter addressed to Newcomen, had advised 
him not to attempt to make a machine on that prinoiple: adding 
however, (( Could Papin make a speedy vacuum under your second 

I t  was also given with even greater inaccuracy in 

* ‘I Fergueon’s Lectures on Mechanics, Bc.,” by Dr. Brewster, 1806.. In 
this book the epecih volume of s t a m  is given as 14,000. Emerson, in “The 
PrincipIes of Mechenios and the General Laas of Motion,” 1758, gives it BP 

13,340. 
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piston, your work is done.”* A great deal of controversy hangs 
about this, as about many things historical; and little is to be 
gained by minute research into disputed claims. What we do with 
certainty know is that, with the common knowledge existing, and 
with the mechanical contrivances available, Newcomen alone 
succeeded in making a workable engine. 

I n  1698, Thomas Savery, of London, obtained a patent for 
raising water by the elasticity of 8team.t I t  is stated in many 
popular histories that in 1705 Thomas Newcomen and John Cawley, 
of Dartmouth, in Devonshire, and Thomas Savery, of London, secured 
a patent for GL Condensing the steam introduced under a piston, and 
producing a reciprocating motion by attmhing i t  to a lever,” but no 
record of such a patent exists in the Patent Office. Etuart gives a 
list of patents commencing with 1698, and in that list is one said to 
have been granted in 1705. Dr. Pole, author of “ T h e  Cornish 
Engine,” had B search made at  the Patent Office, and no such 
record could be found. I t  is possible that Savery’s patent was 
thought to cover Newcomen’s invention, as Savery was associated 
with Newcornen.$ This wa8 sixty-four years before Watt invented 
his separate condenser. Very little is known of Newcomen. I t  is 
recorded that he mas a blacksmith or ironmonger residing at  
Dartmouth, and that he was employed by Savery to do some work 
in connection with his water-raising engines. I n  this way he had 
some experience in the condensation of steam. 

* See R. Stuart’s “Descriptive History of the Steam Engine,” 1884. 
t Savery was bnrn at  Shilstone, near Modbury, in Deronshire, in 1650; died 

in London in Map 1715. 
3 See Appendices I and 11, from rhich it appears that there is every reason 

to believe Newcomen had no patent, and that his invention was supposed to 
be covered by Savery’s patent of 1698, and that the latter was kept in force for 
thirty-five years, the original patent having been extended for twenty-one years. 

8 Newcomen was born at Dartmouth about the middle of the 17th century, 
and died in London in 1729. It is stated in Haydn’s ‘‘ Dictionary of Dates ’’ 
that at the time of his death he was in Londoa, trying to secure a patent. 
A sketch of the house in Dartmouth, occupied by Newcomen when he invented 
the stwm engine, is shown in a pamphlet published i n  1869 for Mr. Thomas 
Lidstone of Dartmouth. 
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Newcomen appears to have conceived the idea of using a piston 
for giving motion to pumps. He became associated with John Calley 
or Cawley, a glazier of Dartmouth, probably for business reasons. 
His connection with Savery was doubtless because of Savery’s patent 
for condensing steam for raising water. He must however have 
been a good mechanic, because the construction of such an engine 
at a time when there was no previous experience or data to guide 
him was a task of no ordinary magnitude. He could not get 
workmen skilful enough to do his work, till, erecting an engine 
near Dudley in 1712, he secured the assistance of mechanics from 
Birmingham.* 

In this age of mechanical developments we wonder at the slow 
progress made in early times, till we realiRe the condition of society, 
and the apathy with which all things technical and scientific were 
regarded by the public generally. That ignorance and prejudice 
are well illustrated by the following extract from the preface to a 
book published in 1758, entitled ‘‘ The Principles of Mechanics,” 
by W. Emerson, a copy of which was kindly lent to the author by 
Mr. H. W. Pearson, of Bristo1:- 

‘‘1 might have given the cuts of many more machines, but 
perhaps what I have already done may be thought too much in 
such a nation as this, where natural knowledge wanta due 
encouragement, and where no Mecaenas appears to patronize and 
protect it, and where arts end sciences hang, as it were, in  suspense 
whether they shall stand or fall, and where public spirit and 
English generosity are just expiring. This deoline of arts and 
sciences is wholly or in a great measure owing to the ambition and 
most extreme avarice of the present age, where men, not being 
able to lift their eyes above this earth, think nothing worth their 
care but raking together the dross i t  affords, striving, like the toad, 
who shall die with the most earth in his paws. The duller part of 
mankind are entirely engaged in the pursuit of filthy lucre, and the 
brighter sort are wholly devoted to low, trifling, end often barbarous 
diversions. I n  such momentous obncerns as these, it  is no wonder 

* See Appendix X. (pBge 695). 
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if arts and sciences flag, and natural knowledge meets with nothing 
but contempt, and Minerva gives place to Pluto. And indeed, if 
the general temper and disposition of men had been the same in all  
ages, as it is in this, I am in doubt whether we had ever had any 
such things as a mill to grind us corn for bread, or a pump to draw 
us water. I t  is a trifling excuse for men of exalted station to urge 
that they are unacquainted with suah arts or sciences. For learning 
has always been esteemed to be under the peculiar care and 
superintendency of the great, who ought to protect and encourage 
both that, and the professors of it, or else arts and sciences can 
never flourish. And as the encouragement of these evidently tends 
to the benefit of mankind and the promoting of the public good, 
nothing can excuse 60 gross a neglect or such a manifest disregard 
as they show for the happiness of their fellow-creatures. The 
industrious ktudents have only the fatigue, whilst all the world reaps 
the advantage of iheir labours.” 

The Newcomen engine was soon brought into use; for in  1712 
Newcomen, through the acquaintance of Mr. Potter, of Bromsgove, 
erected an engine near Dudley Castle for Mr. Back, of 
Wolverhampton. The cylinder of this engine was surrounded 
with water. The piston was packed and had a water seal. 
It is reported that by accident a hole in the piston admitted 
water into the cylinder, and the condensation thereby became so 
rapid, compared with that prodnced by cooling the cylinder from 
the outside, that the engine worked much quicker. This may o r  
may not be correct; but i t  is certain that, by accident or design, 
the first improvement in the engine was condensation by injection in 
the cylinder. I t  appears that the second engine was erected a t  the 
Griff Colliery, near Nuneaton, in 1715. It had a 22-inch 
cylinder. At this time the cocks and valves were all worked 
by hand; but autonxtic devices were soon introduced. The first 
appears to be that for  actuating the injection-cock by means of a 
buoy in a pipe connected to the cylinder. Desaguliers thus describes 
the apparatus : “They used to work with B buoy in  the cylinder 
enclosed in a pipe, which buoy rose when the steam was strong, and 
opened the injection and made the stroke:’ It is said that a boy, 
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HumphmyPotter,* added a tat& or “saoggan”t which was caught by 
a pinupon the plng-rod from the beam ; and by this means the speed 
of the engine was imreased from 8 or 10 to 15 strokes per minute. 

Thomas Barney‘s engraving of the engine $ erected in 1712 near 
Dudley Castle, was made in 1719, and contains the plug-frame and 
tumbling-weight device attributed to the invention of Beighton in 
1718. It is possible that the tumbling-weight had just been added for 
actuating the steam-valve. The injection-valve is releseJed by the 
buoy, said by Desaguliers to have been enclosed in a pipe attached 
to the cylindd, but here shown in a pipe attached to &he boiler. 
The scoggan is also shown, and it is clear that the only thing 
Humphrey Potter added, if he added anything, was a cord for 
causing the plug-frame to actuate the scoggan, instead of the float 
doing it. The eng&wing shows such an addition, but the story of 
Humphrey Potter is discredited. 

The Bcoggan appears in Belidor’s illustration, I also in Stuart’s 
illustration (Fig. 19, page 73, second edition, 1824), which is said 
by Stuart to be Beighton’s gear with improved details. I t  also 
appears in the Pork engine, Plate 21, and the engine, Plate 23. 
Emerson BEYS, “ I n  some engines there is a catch held by o chain 
&xed to the great beam, and this catch holds the injection-cock 
lever or eff 11 from falling back and opening the cold-watet. cock, till 
t h e  rising of the beam pulb the catch up by the ohhein, and then 
the eff falls.” 

* It is curious to observe that the first engine was creoted €or Xr. Back 
through the influence of Mr. Potter of Bromsgrove. Mr. W. U. Norria writes 
that John and Abraham Potter were engineers in Durham, and erected an 
engine for Mr. Andrew Wauchope in MidlotLiau in or about 1725. & deo 
Bald‘s “View of the Coal Trade of Scotland,” pp. 18, &c., for a full account 
of this engine. I$,e prints the contract in full, giving many interesting details. 

f To scog is said fo be a Yorkshire term meaning to sknlk-‘Xeohenio’a 
Mapine:’p. 154; Staart,p. 66. In  Celtic Scotah “agog” or “sgogaa” is a 
fool or idler. I n  modem Scotch 6‘scogie I’ is a kitohen drudge. In Barney’s 
engraving the word is Bpelt “acoggen.” 

$ Proceedings 1883, Plate 87, and page 623. 
5 ‘‘ Architecture Hgdraulique,” Paris, 1739. 
11 So called from its resemblence to the letter F. 
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In all the earliest engines the u eduction pipe ” or drain pipe 
from the cylinder was arranged with sufficient fall to prevent the 
hot-well water from returning to the cylinder when the vacuum was 
formed. I t  terminated below the water level of the hot-well. I n  
later engines i t  was shortened, and a non-return valve was placed 
on the end, which was turned up in the hot-well, ind in this way 
had a water seal. 

The next improvement consisted of the plug frame, invented by 
Henry Beighton, who erected au engine at  Newcastle-on-Tyne in  
1718, in which a rod suspended from the beam actuated what was 
called the hand-gear. This contrivance, with some slight modification, 
remained till Watt’s time. 

I n  Plate 16 is reproduced from Pr{ce’B”&Mineralo&a Cornubiensis,” 
by William Pryce of Redruth, published in 1778, an illustration of 
the Newcomen engine of that day. Also a section of the Bullen 
Garden Mine, near Camborne, in Cornwall, Fig. 12, Plate 24, showing 
the application of two atmospheric engines for enabling the mine to 
be worked to a greater depth than was possible with only the water 
wheels in use. 

In 1758 Emerson described in detail the Newcomen engine of 
that day. The description is so excellent that it is here reproduced, 
omitting the letters of reference to an accompanying engraving ; 
the description is clear enough without the engraving. It will be 
observed that the dimensions are given of an engine and pumps, and 
the reported consumption of coal ; neither the water pumped nor 
the consumption of coal can be correct. 

Description of the Engine. 

6‘ The fire-engine to raise water has a great beam or lever, about 
24 feet long, 2 feet deep at least, and near 2 feet broad. I t  l i e s  
through the end wall of the engine house, and moves round a centre 
upon an iron axis. The steam cylinder is of iron, 40 inches diameter 
or more, and 8 or 9 feet long, the piston sustained by the chain. 
The fireplace is underground. The boiler is 12-feet diameter, which 
communicates with the cylinder by a hole and throat-pipe 6 or 
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8 inches diameter. The boiler is of iron, and covered over close 
with lead ; in this the water is boiled to raise steam. The regulator 
being a plate within the boiler which opens and shuts the hole of 
eommunication, this is fixed on an axis coming through the boiler, on 
which rtsis is fised a horizontal piece called the spanner, SO that 
moving the spanner forward and back moves the plate over the hole 
and back again. There is a horizontal rod of iron movable about a 
joint, and a piece of iron with several claws called the wye, moving 
about an axis in a 6Hed frame. The claw is cloven, and between 
the .two parts passes the end of the spanner with two knobs to 
keep it in its place. There is the working-beam or plug-frame, 
in which is a slit, through which the claws pass and am kept 
there by s pin going between them. There is a leaden pipe 
called the injection-pipe, carrying cold water from the cistern into 
the cylinder, and turned up at the end within the oylindep. To 
the injection-cock is fised an iron rod lying horizontal. The end 
goes through a slit in the end of another piece, and on the end is a 
knob screwed on to keep it in place. There is a piece of iron with 
several claws called the ' eff,' movable about an axis. The claw goes 
through the slit in the plug frame, and is kept there by the two pins ; 
the claw goes over the piece. As the piece is moved back and 
forward, the injection cock opens and shuts. There are several 
holes in the plug frame that by shifting the pins serve to set the 
pieces higher or lower as occasion requires. There is the snifting 
clack balanced by a weight and opening outwards, to let out the air 
in the cylinder at the descent of the piston. I n  some engines a pipe 
goes from it to convey the steam out of the house. There is a l d e n  
pipe called the sinking pipe or eduction pipe going from the cylinder 
to the hot-well ; it is turned up at the end, and has a valve opening 
upwards ; this carries away the water thrown in by the cold-water 
pipe or injection pipe. There is the feeding pipe, going from the 
hot-well to the boiler, to supply i t  with water by a cock opening at 
pleasure. There are two gauge pipes with cocks, one reaching a 
little under the surface of the water in the boiler, the other a little 
short of it. By opening these cocks, it is known when there is water 
enough in the boiler, for one 'cock will give steam and the other 
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water ; they stand in a plate which may be opened for a man to go 
into the boiler to clean or mend it. There is the puppet-clack or 
safety-valve ; from this a wire comes through a small hole, to which is 
fixed a thread going over a pulley, with a small weight at i t ;  the 
weight on the clack is about a pound for every square inch. There 
is a steam-pipe going from the clack out of the hJuse. When the 
steam in the boiler is too strong, it lifts up the puppet-clack and 
goes into the steam-pipe, by which it is conveyed away ; otherwise the 
boiler would burst. There is a pipe carrying water from the cistern 
into the cylinder to cover the piston to a good depth ; also a cock 
opening to any wideness that the water may run in a due quantity ; 
and a hole to let it out through a pipe into the hot-well, when there 
is too much. There is a force pump, with a bucket and clack, and 
two valves opening upwards. This pump is closed at the top, 
and being wrought by a lever it brings water out of a pit into a cistern 
for supplying condensing water. There are speers (spears), which 
work in wooden pumps within the pit. The cylinder is supported 
by strong beams going through the engine-house. There is the first 
floor and the upper floor. At the end of the beam there are two 
pins, which strike against two springs of wood, fixed to two timbers 
or spring beams lying on each side of the great lever j these pins 
eerve to stop the beam, and hinder the piston from coming too low in 
the cylinder. 

u When the engine is to be set to work, the water in the boiler 
must be made to boil so long bill the steam is strong enough, which 
is known by opening the gauge-cocks. Then the inlet hole ia opened 
by moving the spanner by hand; then the steam is let into the 
cylinder which lets that end of the beam rise up; this raises the 
working beam or plug-frsme and moves the eff, which moves and 
opens the cold-water cock ; at the same time is moved the wye, and 
shuts the inlet steam-hole. The injection-cock being opened, the 
cold water rushing into the cylinder is thrown up against the piston, 
and descending in small drops condenses the hot rarefied steam, and 
makes a vacuum under the piston. Consequently the weight of the 
atmosphere pressing upon the piston brings down the inner end, 
which raises the other end, which works the pumps. As the inner 
end descends, the working plug-frame descends, and moving the eff and 
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the wye shuts the cold-water cock and opens the hole inlet for steam, 
and the steam goes into the cylinder, which takes off the pressure of 
the atmosphere, and the o u h  end descends by the weight of the 
speers and the inner end ascends as before, which opens the injection 
cock and shuts the steam inlet. So by the motion of the beam up and 
down the cock and holes shut and open alternately; and by this 
means of condensing and rarefying the steam by turns within the 
cylinder, the lever or beam constantly moves up and down, by which 
motion the water is drawn up by the pumps, and delivered into 
troughs within the pit, and carried away by drifts or lev& At the 
881118 time the motion of the beam works the cold-water pumps, and 
rsises water into the injection-water cistern. 

When the engine is to cease wor%ing, pins are talren out of the 
plug-frame, and the cold-water cock is kept close shut while the iPnar 
end is up. 

The diameter of the pumps within the pit is about 8 or 9 inches, 
and the bores of the pumps where the speers work should be made 
wide at the top, for if they he straight more time ie required to make 
B stroke, and the bsrrels are in danger of bursting. Likewise, if 
water is to be raised f&m I$ greeter depth at one lift, the pumps will 
be in danger of bursting; therefore it is better to make two or three 
lifts, placing cistern to receive tbe water. 

cL The speers or rods that work in the pumps, consis&g of several 
lengths, are joined thus :--each piece has a stud and hole, which are 
made to fit ; and the studs of one being put close into the holes of 
the other, and an iron Qollar drove upon them to the middle, they are 
then firmly fixed together. 

cc There is never made a perfect vacuum in a cylinder ; for 813 soon 
8s the elastio force of the steam within is sufliaiently dimininhed, the 
piston begins to descend. The vacuum is such that about 8 lbs. 
presses upon every square inch of the piston, or in some engines not 
above 6 lbs. This engine will  meke thirteen or fourteen strokes in 
a minute, and makes a 6-foot stroke ; but the larger the boiler is, the 
faster she w i l l  work. 

‘(A cubic inch of water in this engine will make 13,340 cubic 
inches of steam, which therefore is fifteen times rarer than common 
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air. But its elastic. force within the boiler is never stronger or 
weaker than common air ; if stronger it would force the water out of 
the feeding pipe. This engine will deliver 300 hogsheads of water 
in  an hour to the height of 60 fathoms. She consumes about 
thirty bushels of coal in twelve hours. In  some engines there is a 
different contrivance to open and shut the regulator, which is 
performed thus :-As a beam ascends, i t  turns the wye about its axis, 
causing a weight to fall and strike a smart blow on a pin, and shuts 
the regulator. And when the beam descends, a similar action opens 
the regulator. There is a cord fixed at the top of thb wye to hinder 
i t  from going too far on each side ; likewise for opening and shutting 
the injection-cock, instead of the pieces described. Some engines 
have quadrant wheels with teeth, which, moving one, the other opens 
or shuts the cock of the injection pipe.* 

“In some engines there is a catch held by a chain fixed to the 
great beam, and this catch holds the injection-cock lever or eff from 
falling back and opening the cold-water cock, till the rising of the 
beam pulls the catch up by the chain, and then the eff falls.” 

This last is the contrivance said to have been invented by 
Humphrey Potter, applied to the working of a buoy for opening and 
closing the cocks. The story probably arose from calling the cock-buoy 

The contrivance is embodied in the Cornish engine 
gear. From the above description, written twenty-nine years after 
Newcomen’s death, it is evident that the atmospheric engine was 
largely in use. The writer of it speaks of some eugines differing from 
others in details. Engines were at  work in most of .the mining 
districts of England. In this year (1758) many engines were at  
work in Cornwall; and i t  appears that in that county Newcomen 
erected an engine in 1720, or two years after Beighton’s invention of 
the hand-gear. I t  is said that his first engine in Cornwall was 
erected in 1814, but there are no definite records. In 1769 Smeaton 
computed the duty of fifteen engines in the Newcastle district, and 

cock-boy.” 

* This is the Beighton gear or tumbling-weight device, Plate 16. From the 
abovo description it is clear that the plug-frame was in use without Beighton’a 
device, and pro5ably before it. 
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one year later made note of eighteen large engines in Cornwdl, 
eight of which had cylinders 60 to 70 inches diameter. 

A cnlculatiorr of the Cylinder and Pumps of the Fire-Engines. 

‘‘ If it be required to make an engine to draw any given number 
of hogsheads of water in an hour from f fathoms deep, to make any 
number of strokes in a minute by a 6-foot stroke, find the ale 
gallons to be drawn at one stroke, which is easily, found from the 
number of strokes being given. 

<‘Let g = number of ale gallons to be drawn at one stroke. 
,, p = pump’s diameter (in inches). 
,, c = cylinder’s diameter (in inches). 

T h e n p =  &; ’ 

and ,supposing the pressure of the atmosphere on an inch of the 
piston to be 7 lbs., 

‘&Note, if instead of 7 lbs. you suppose the pressure of the 
s t m p h e r e  to be 1 lb., and instead of a 6-foot stroke to make an r 

The author has here arranged the events in  connection with the 
subject in their chronological order ; and it is interesting to observe 
that, though Watt had finished his labours in Cornwall in 1800, 
bringing the duty of his engines up to 20 millions, yet, between 1810 
and 1821, three Newcomen engines were erected at the Farms Colliery 
in Scotland ; particulars of these engines are given in Appendix I11 
(page 681). I n  those days the want of knowledge of what other8 had 
done formed a great bar to progress. By the publication of what 
hae been accomplished, and by the knowledge thereby imparted, the 
progress of mechanical science and arts has been hastened during 
ths last fifty years as much as by the theoretical teaching of schools. 

3 A  
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The Newcornen Engine. 

Events in chronological order :- 

1696. Description of Savery’s Fire Engine, published under the title 

1698. Thomas Savery, of London, obtained a patent for raising water 

1702. Savery’s ccMiner’s Friend” was republished. Savery’s, 

I 

of cc The Miner’s Friend.” 

by the elasticity of steam. 

advertisement in ‘‘ Post Man,” 19-21 March, notsed that his 
engine might be seen at work u at his workhouse in Salisbury 
Court, London.” This advertisement was reproduced in 
‘I Notes and Queries,” 27 January 1900 (9th series v. 64).* 

1712. Newcomen erected an engine near Dudley Castle for Mr. 
Back of Woherhampton. It had a water-jacket around 
the cylinder for condensing the steam ; but afterwards 
injection in the cylinder was adopted. All valves were 
worked by hand. 

1712 to 1718. A buoy was used to give automatic action to the 
injection-cock. 

1714. A Newcomen engine is Said to have been erected at  wheal Tor, 
near Breage, in Cornwall; and another at Ludgvan in 1720. 

1715. Savery died in London. 
1717. 29 December.-Cdley (or Cawley) died whilst erecting an 

engine at  or near Ansthorpe, Yorkshire. This is from the 
burial register of Whitkirk. See Farey’s ‘‘ Steam Engine,” 
p. 155.* 

1718. Beighton invented the (‘ hand-gear.” The steel-yard safety- 
valve was introduced; also the snifting valve, and the 
shortened eduction-pipe with its non-return valve. All the 
essential features of the perfected engine were now present. 

1720. Newcornen went into Cornwall and erected an engine at  Wheal 
Fortune, St. Day. Another engine on the same model was 
erected at Pool Nine, Carn Brea, in 1746. 

His engine had no piston. 

* These and some other uotcs have been contributed by Mr. Richard B. 
Prosser. 
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1721. An advertisement appeared in the cc Daily Courant,” 24 July 
1721, beginning ccWhereas an engine to raise water by Fire, 
commonly called Savery’s engine . . . .,” and inviting 
attention to  a new form of engine. The above was printed 
in h’otes and Queries,” 27 January 1900 (9th series v. 64). 
See also ccNotes and Queries,1’ 17 February 1900, for a 
communication from J. E. Hodgkin.” 

1725. Joseph Hornblower erected an engine at Wheal Rose, Truro ; a 
second engine mas erected a t  Wheal Busy, Chasewater; 
and a third at  Polgooth, near St, Austell. 

8 April.-Steam engine at  work at Tipton, Staffordshire: 
[On this day the eon of John Hilditch, ccManager of 
ye Fire Engine at Tipton,” mas baptised in the Parish 
Church of Bilston.--“ The Engineer,” 11 Nov., 1898.1 * 

17’29. Newcornen died in London. 
1793. 24 July.-Savery’s patent expired, having I been in existence 

for 35 years. 
1758. Many engines at work in Cornwall, one at Herland, near 

Gwinesr, having a 70-inch cylinder. Emerson describes in 
detail in his c c  Principles of Mechanics ” the Newcomen 
engines as then used. 

1767. Smeaton first turned his attention to the atmospheric engine. 
1769. Smeaton computed the duty of’fifteen engines in the Newcastle- 

on-Tyne district, and found the average duty to be 5-59  
millions of foot-lbs. per bushel or 84 Ibs. of coal.? 

5 Janusry.-Watt’s first patent. 
1770. Smeaton made note of eighteen large engines in Cornwall, 

eight of which had cylinders from 60 to 70 inches 
diameter. 

* These and some other notes have been contributed by Mr. Riohard B. 
Prosser. 

f The bushel wm taken’ as 81 lbs. in Savery’s time, and continued until 
Wttt adopted 9* lbs. The duty of steam-engines continued to, be calculated on 
94 lbs. until 1856, when the Cornish engineers udopted the cwt. (112 lbe.) 
See Davey on “Pumping Machinery,” page 20. 

3 ~ 2  
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1772. Smeaton made improvements in details, not altering the 
general construction, and succeeded in obtaining a duty of 
9 * 5 millions. 

1775. Smeaton erected a Newcomen engine at Chasewater in Cornwall, 
the steam cylinder 72 inches diameter. Water load 73 lbs. 
per square inch. Lift of pumps 360 feet. This engine was 
altered by Watt to his system. 

1776. Watt corresponded with Smeaton, and claimed 21 * 6 millions 
duty for his engines. Smeaton, after making experiments 
with Watt’s engines, laid it down as a general rule that the 
Watt engines did double the duty of the Newcomen. 

1777. Watt erected three more of his engines in Cornwall, his first 
having been erected the previous year. In  these engines the 
load on the piston was increased from the 8 lbs. per square 
inch in the Newcomen to 11 or 12 lbs. in the Watt engines. 

1778. Smeaton found that B Watt engine at the Birmingham Canal* 
did a duty of 18 millions, and one at the Hull Waterworks 
18 .5  millions. Two engines at  Poldice, St. Day, were 
found to do a duty of 7 millions on one buRhe1 of coal. 

1781. 25 0ct.-Watt’s second patent. 
1800. Watt finished his labour in Cornwall, having raised the duty 

of his engines to 20 millions of foot-lbs. per bushel (94 lbk) 
of coal. In 1798 the 70-inch engine at Herland, near 
Gwinear, was reported as giving a duty 27 millions. I t  was 
probably the best which at that time had ever been erected, 
and was under the care of William Murdock, who had the 
general charge for Boulton and Watt of their engines in 
Cornwall. 

1810. A Newcomen engine was erected at  the Farme Colliery, 
Rutherglen, near Glasgow, for winding and pumping; in 
1820 another was added for winding; and in 1821 a third 
having a 60-inch cylinder for pumping. 

* A drawing of almost the first Watt engine ‘for the Birmingliam Canal was 
This is now erected in the yard illustrated in “The Engineer,” 15th July 1898. 

at Ocker Hill, near Wednesbury. 
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Newcomen had associated with him Cawley, s plumber and 
glazier ; and it will be observed that the pipes of the engines were 
at first made of lead with plumber’s joints. In the early days the 
steam cylinders only were obtained from iron-founders, and the 
other parts of the engine were built by local blacksmiths, carpenters, 
and plumbers, under the direction of an engineer. 

The engine cylinder was at  first fixed on a boiler of hsystaok 
form ; but the vibration of the working so loosened the joints that 
i t  was found advisable to secure the cylinder to strong wooden 
beams above the boiler. At a later date the cylinder was fixed on a 
separate foundation by the side of the boiler, and as time went 
on iron pipes were substituted for lead, and the wagon-boiler 
was introduced to take the place of the haystack. 

Among the first erectors of the Newcomen engine were the 
Hornblowers in Cornwall. Newcomen visited Mr. Potter, of 
Bromsgrove, and erected the engine near Dudley Castle in  1712. 
This is the historical engine in which injection in the cylinder 
was first used. In the vicinity lived Joseph Hornblower, an 
engineer who became acquainted with Newcomen’s engine, and 
who was sent for into Cornwall about 1720 to 1725 to erect an 
atmospheric engine at  Whoa1 Rose near Truro. I t  may be interesting 
here to observe on the authority of Cyrus Redding, a great grandson 
of Joseph Hornblower, and author of ‘‘ Yesterday and To-dey,” &c., 
that the Newcomen engine was not such a simple muchine as to 
require the attention only of boys, as stated in popular histories, 
but that i t  required the united exertion of three men to start, 

A second engine it appears was erected by Hornblower at  Wheal 
Busy or Chasewstsr Mine. A third a t  Polgooth near St. Bustell. 
Joseph Hornblower then left the county, and hie son Jonathan came 
down and erected his first engine at  Wheal Virgin, St. Day, about 
1743. The fourth son of Joseph was Jonathan Carter, the inventor 
of the compound engine* a d  the double-beat steam-valves, who died 
at Penryn in  1815. 

* Prooecdinga 1862, page 243. 
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From 1720 to 1740 few engines were erected in Cornwall, because 
of the high duty on sea-borne coal. Jn 1741 an Act of Parliament 
was passed for the remission of the duty on coal used for fire-engines 
for draining tin and copper mines in the county of Cornwall.* The 
effect of the passing of this Act was that by the year 1758 many 
engines had bgen brought into use ; one engine at  Herland had a 
70-inch cylinder. 

Rotative Atm.ospher~’c Erigines.-It appears that attempts were 
made as early as 1768 to produce a rotative motion from a Newcomen 
engine; but i t  was not till about 1780 that it was successfully 
accomplished by the use of the crank. 

I t  does not appear that any attempt was made, before Watt’s 
separate condenser was invented, to reduce the cooling effect of 
the injection-water in the cylinder by effecting the condensation 
in a small vessel attached to the cylinder. I t  is evident however 
from Plate 28 that, after Watt’s patent, Newcomen engines were 
made with separate condensep without air-pumps, the air being 
discharged through a snifting-valve. Such condensers were known as 

‘‘ pickle-pots,” and are shown clearly in  both illustrations. 
In Fig. 23, Plate 30, will be found a sketch of the ‘L pickle-pot ” 

condenser. Such condensers are indicated in both engines, Plate 28, 
and were operated without air-pumps, as already described. It is more 
than probable that such condensers were not known till after Watt’s 
iiivention of the separate condenser, and that they were applied to 
improve the economy of the Newcomen engine and to evade Watt’s 
patent. 

In Fig. 27, Plate 30, will also be found a diagram constructed by 
the author to indicate the economy of fuel resulting from various 
improvements commencing with the earliest engines of Newcornen. 
A diagram above also indicates the increase in steam pressure 
corresponding to the increased economy. 

* The Act referred to is the 14th Geo. II., Cap. xli., and intitu1cd:-An 
Act for granting to  His Majesty the sum of one million out of the sinking fund, 
and for applying other sums therein mentioned for the service of the year 1741 ; 
and for allowing a Draw-back of the Duties upon Coals used in Fire Engines for 
drazcing T i n  and Copper mines in the County of Cornwall, &c. . . . 

 at NANYANG TECH UNIV LIBRARY on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


The steam-engine has held its own as a prime mover for two 
centuries. The gae-engine bas now become a more efficient h&t 
engine, and a powerful competitor, and electricity has become an 
economical transmitter of power. 

Heat, electricity, and mechanics1 work are mutually convertible. 
The time may come when heat may be converted into electric cumnt  
with as little loss aa that involved in the conversion of electric 
current into mechanics1 work; when that time comes, the heat 
efficiency of the prime mover will exceed that of the gae-engine in (L 

greater degree than the gas-engine has exceded that of the steem- 
engine. 

The Paper is illustrated by Plates 16-30, and ie accompanied 
by the following ten Appendices :- 

Appendix I. Mr. W. G. NORRI~. 
11. Sir FREDD~I~IIJE BBABIWELL. 
111. Mr. HENEY DAVEY. 
IV. Mr. H. W. PEARSON. 

VI. Mr. W. E. HIPHINN. 
V. BIr. JOHN H. CRABTREE. 

VII. Mebessrs. THORNEWILL and WAREAS. 
VIII. Mr. W. B. COLLIS. 
IS. Mr. HUGH 8. Du”. 
S. INSTITUTION NOTEB. 

APPENDIX I. 
BY MR. W. a. NORRIG,* Member, OF COALBROOKDALE. 

Among the miscellaneous articles in the Works stores at 
Yoalbrookdale at Midsummer, in 1718, was 5 brass fireengine valued 

* Mr. gems has also contributed a list of large cylinders and other cwtinga, 
:a, supplied to colliery owners and others between the yeam 1732 and 
792, which is invaluable as a mcans of tracing the dntes of erection of 
iany large engines during the eighteenth centeury. 
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at %7 35. This is not likely to have been a utensil such as is now 
known by the same designation; but probably was a model of the 
newly introduced machine, which was then beginning to make itself 
widely known under that name. 

No record has been preserved of direct communication between 
Thomas Newcomen with his partner John Cawley and Coalbrookdale, 
if any took place ; and the name which is first found associated with 
“Fire-Engine” work in  the account books at  Coalbrookdale is 
that of Stanier Parrot of Coventry, as though he were at the 
time at  Coalbrookdale. In December and March 1718, some 
castings and (‘ pipes 6 inches bore ” were charged to him for (‘ ye 
fire-engine.” 

Thomas Newcomen however had in some previous year (about 
1715), erected one of his engines for Sir Robert Newdigate at  Griff 
Colliery, near Nuneaton ; and Stanier Parrot, resident at Coventry, 
and evidently also interested in adjacent coalworks, may be assumed 
to have made acquaintance with Newcomen and with his invention 
md its results. There are particulars in print * of the difficulties 
connected with the erection of this fir& engine at  Griff, and also of 
the economic advantages of one or other of these early engines. 

Evidently it was not diificult to obtain wrought-iron for the rods 
2nd links connecting the wooden beam with the cast-iron articles ; 
and the work must have been done by local mechanics to suit each 
particular engine at the time of its erection. For years the necessary 
cast-iron articles only mere supplied from Coalbrookdale ; and also 
it was not until the middle of the century that boilers came 
to be made entirely of wrought-iron, when “ engine plates,” or 
small plates hammered at a “ plating forge,” feebly made their 
appearance. 

The earliest entry of a set of castings for an engine is in  
October 1724, when there were sent to the order of Richard Beech, of 

’* Stuart’s “Historical Account,” etc. Demguliers’ “Experimental 
Philosophy,” Vol. 2,1735. 
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Walton near Stone, to 
Hawarden- 

Harding beyond Chester,” now known as 

E. 8. a. 
1 Cillinderand Bottom . . . 25 0 10@32/6 = 40 15 5 
1 Pistern . . . . . 1 1 21 @ 32/6 = 1 17 7 
2 Brass Pipes and Braas to ad Pistern . 1 1 4 @ 14d. = 8 8 0 

A parcel of Wrought Iron Screwpins. 0 0 40 @ 9d. = 1 10 0 
Carriage of Do. to Harding . . 3 1 6  0 

E56 7 0 
7 

In 1725 there are entered :- 

Aug. Stsnier Parrot of Coventry. 
1 Cillinder, 1 Bottom, 1 Pistcrn and 4 Pipes weighing 74 1 11 @ 32/6 = 

€120 lb.4d.  
Sir Richard Newdigate of Griff. 

Barrels (for pump) 51 3 25 @ 32/6 = f84 98. Id .  

Oct. 
1 Cilliuder, 1 Bottom, 1 Yistern with 3 Pieces to go round it, and 3 Pit 

From this period there followed a continuous demand for sets of 
these castings, with working barrels and pipes for pump work ; the 
cylinders and csstings increasing i u  dimensions and weight. 
Unhappily the volumes of “the Journal” account books for the 
years 1749-65 and 1771-78 are missing, so that a complete list of 
the cylinders made and sent away up to 1800 cannot be prepared. 

The only reference that can be traced to a patent connected with 
this engine work occurs in a letter from Richard Ford to Thomas 
Goldney, of Bristol, both partners in  the concern, under date 
26 March 1733,* “and as ye patent for ye Fire Engine is about 
expiring, that business will consequently moro increase.” 

There is no evidence in the books of difficulty in making the 
castings. With the increase in the size of the cylinders an important 
practical difficulty connected with the boring began to be experienced 
from the frequent breakage of the boring bars. It was desired 
in 1734 by the managing partner, Richard Ford, to have for this 
purpose “a wrought-iron spindle, 12 feet long and full 3 inches in 

* Snvery’s patent dated July 1698 (extended for 21 years) expired 25th July 
1733. 
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diameter; one end to be left square for 18 inches, and ye other 
end to be left square for 6 inches, and the remaining 10 feet to be 
left round, but to be as true as may be, and to be made of right tuff 
iron and right sound." This was ordered from an anchor-smith in 
Bristol, and eupplied at a cost of 526 108. in  September 1734. 
Another was obtained in 1745, "5.3-15 @ 8d. per lb. = IE21 198. 4d. 

The motive power for the blowing apparatus for the blast 
furnaces, and for any machinery, in the works at Coalbrookdale was 
the water from the brook running through the valley in its course to 
the Severn, which necessarily was a variable supply. In  order 
to utilise the limited quantity in  the drier periods, i t  was decided in 
1743 by the then acting partner, the second Abraham Darby, to 
"erect an engine for pumping back the water after i t  had passed over 
two or more water-wheels, up into the reservoir from which i t  had 
first issued, and to mako i t  proceed on its course of labour again. 
The difference in level through which the water was raised was 
about 120 fect. The dimensions of the cylinder and of the pumps 
have not been preserved. The total cost, as upheld in the year's 
accounts for 1745, appears to have been for- 

E .  e. d. 
Cylinder, Working Barrels and Cast Iron Articles . . 307 18 7 
Brass Work and Lead . . . . . . .  108 14 1 
PlateIronandBrioks . . . . . .  70 15 8 
TheOakRegulatingBeam . . . . . .  10 15 0 
Various Labour in and with the Erection and the Pit . 356 0 3 

C854 3 7 

Similar engines for the same object were subsequently erected 
at  the other works belonging to the concern at  Horsehay in 1754, 
with cylinders 10 feet by 472 inches, and in 1756 with cylinders 
10 feet by 60 inches; and at Ketley about the same years with the same 
sizes of cylinders. With the Codbrookdale engine the experiment 
was made of iising spelter in place of brass for the working barrel of 
the pump, either entirely or as lining for an iron pipe. A second 
working barrel of the same size was sent with some engine work 
into Cornwall, but was quickly returned. The size of the working 
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barrel was 9 feet long by inches diameter, and the weight of 
spelter in each was 8 cwt. 

The application 6f a pumping-engine to return water for recurring 
use by a water-wheel was subsequently adopted a t  several furnaces 
in England and Scotland, because of the advantage of a continuous 
blast upon the furnace. 

From 1755 to 1765 James Brindley was frequently a t  
Coalbrookdale. He superintended about 1756 the preparation of 
castings for an engine for Mr. Broade of Fenton near Stoke-on-Trent, 
but there is no record of experiments with wood for cylinders: * 
experiments which seem hardly probable, having regard to the 
experience already acquired with both steam and iron; but 
probably experiments mere largely made with casing the cylinder;’ 
condensation, and steam pressure. He obtained a patent for an 
arrangement of boiler to be made largely of cast-iron, upon which 
several experiments were made by the Coalbrookdale concern, but 
without satisfactory results. At last, in 1762, it was treated as old 
iron. He also superintended the castings for a larger engine sent 
to Newcastle-on-Tyne for tLe Walker Coal 00. in 1763. The 
cylinder was 104 feet by 74 inches, and was said to be the largest 
that had been sent into that district. It is stated also that the 
‘(bore was turned perfectly round and well polished,” and cL the 
whole a oomplete and noble piece of work.” 

The accurate boring of the large cylinders was still a source of 
anxiety. In 1751 a note is made against a ‘~Journsl”  entry:- 
(‘The 54-inch cylinder for Lord Ward having been examined, 
was found to be true and exa’ctly bored, Y& within +inch in all 
the working part.” Afterwards, in 1776, James Watt wrotet to 
James Smeaton : Lc Mr. Wilkinson has improved Ehe art of boring 
cylinders, so that I promiso upon a 72-inch cylinder being not 

* See “ Lives of Engineers-Brindley,” by Dr. Smiles. 
t See Farey’s “History of the Steam Endne.” Mr. John Wilkinson. of 

Bersham, near Wrexham, contrived about 1775 a new machine for more 
accurately boring the insides of oylindera. A straight bar waa fixed in the axis 
of the cylinder, which was made to revolve slowly round it, whilo a didiog 
cutter was caused to travel along the central stationary bar. 
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further distant from absolute truth than the thickness of a thin 
sixpence in the worst part.” 

After 1750, notices of ‘( engine plates,” or ‘‘ boiler plates,” are more 
frequent. They were all hammered under a ‘‘ Plating” hammer from 
slabs or moulds. * They seldom exceeded half a cwt. each. I t  was 
not until after 1790 that boiler plates, about 4 feet by 8 inches by 
3 inch were rolled at  the Coalbrookdale Co.‘s vorks at Horsehay : 
and no other works in Shropshire then made them. 

With the improvements in boilers consequent on the use of 
wrought-iron toiler plates, the greater efficiency and economy of the 
steam-eogines conformable to the designs of James Watt were 
becoming generally acknowledged. I n  1780, Matthew Boulton visited 
Coalbrookdale, in order to confer with the Coalbrookdale partners 
upon the requirement for steam-engines for Cornwall, on which 
Boulton and Watt had reports from their own agents. One of the 
results was that the Coalbrookdale partners decided to supersede the 
Newcomen engines in use at the works at Coalbrookdale and at 
Ketley, by engines on the plans of James Watt. I t  was found that 
the Newcomen engine in Coalbrookdale consumed 12 tons of small 
coal, valued at 28. 6d. per ton, beyond what would be required for 
every 10,000 strokes by a Watt engine having a cylinder 66 inches 
in diameter and 11 feet long, making 9 strokes a minute. I t  was 
agreed, therefore, in 1781 to pay to Boulton and Watt one-third of 
the estimated saving in fuel upon this basis, or 10s. for every 10,000 
strokes, a0 recorded by a mechanical counter, during the unexpired 
period of the term of Watt’s renewed patent. 

The difficulty and extreme delay involved in sending such large 
castings into the North of England, all being forwarded to Bristol 
and thence shipped to London and often transhipped, had led to the 
cessation of business with the North. 

At that time there were sixteen large engines at  work in 
connection with the coal works and furnaces of the Coalbrookdalo 
concern at  Ketley, Dawley, Madeley, and Coalbrookdale, chiefly for 
pumping. 

The enlargement of the cylinder bottom, md the addition of a 
“hot well,” appear to have been improvements which were made 
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upon the earlier castings for the engine ; but experiments were also 
made upon the expansion or extended use of the steam by means of 
two cylinders. Arising partly from these experiments Jonathan 
Hornblower, of Penryn, obtained a patent for an engine somewhat 
of this arrangement in  1781.* Similar experiments led to the patent 
in 1790 of Adam Heslop, who was then engaged at  the Ketley 
Branch of the Coalbrookdale concern, for the applimtion of two 
cylinders, one hot and the other cold. A pumping-engine to  
Heslop’s designst was made in 1791-2 and sent to Workington, 
where i t  worked for years at  one of Lord Lonsdde’s collieries. In 
1878 an engine of this kind but arranged chiefly for winding, 
supposed to be the last, was presented to the Commissioners of 
Patents by Lord Lonsdale, and w a ~  erected at  the Patent Museum. 
The notice of this donation in the “Times” of 24th May 1879 
led to a letter from ‘8. R. Anstice of the Dnadeley Wood Co., saying 
c L  that they still have three of the same description at  work ; they 
had five, and had had eight.” One continued to work at  a coal 
pit until 1890. The last of the single-cylinder Newcomen engines 
continued to work a helve in  one of the Coalbrookdale Co.’s forges 
until 1879, when it gave place to a steam-hammer. Aphotograph of a 
winding engine built at  Coalbrookdale about 1790 is shown in Plste 17, 

The engines completed at Coalbrookdale must have been adapted 
in some manner to rotative aotion at  least by 1780; but no detail 
drawings or descriptions are preserved there. Small engines 
working with cranks for coal minding were in frequent sale by 1790. 
Several office drawings of various designs made previous to 1800, 
which had been the property of William Reynolds, of the Ketley 
Branch of the Coalbrookdale concern, were sent to London in 1879 ; 
but recent enquiries at the Patent Office Library and at the Board of 
Education at  South Kensington have failed to discover their preseut 
owners. 

In  Farey’s ‘(History of the Steam Engine,” 1827, and in Stuart’s 
Cc Descriptive Anecdotes of Steam Engines,’’ 1829, are engravings 

* Proceedings 1862, page 243. 
t .See also H. A. Fletcher on the Heslop Engine, Proceedings, 1579, page 55. 

 at NANYANG TECH UNIV LIBRARY on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


680 NEWCOXEN ENGINE. OCT. 1903. 

representing Newcornen and other engines ; also in the Transactions 
of the Chesterfield and Derbyshire Institution of Engineers, Vol. IX, 
1881-2, p. 37, is given an illustrated description of tho Atmospheric 
Engine at  Handley Wood, built by the Coalbrookdale Iron Co. i n  
1776. 

APPENDIX 11. 
BY SIR FREDERICK BR-QMWELL, BART., Past-President. 

The writer wighes to draw attention to the details of Newcomen 
engines given in Belidor’s ‘‘ Architecture Hydraulique,” published in 
Paris in 1739, in which a description of Newcomen’s engine occurs 
on page 309 of the first part, illustrated by three extremely good 
engravings. These have not been referred to by the author, although 
he has quoted so fully from Emerson’s book. 

I n  his own investigations * as to the inventions of Newcomen, 
the writer found that Newcomen never took out a patent,t probably 
because he joined forces with Savery, and the terms of Savery’s 
patent of 1698 were wide enough to cover Nowcomen’s invention.$ 
A recent examination of the official lists of patents from the beginning 
of 1617 to 1852 shows neither the name of Newcomen nor that of 
Cawley. He has however found three patents in the name of 
Thomas Savery, one of which i%of 1698, above referred to. The year 
1705, quoted by Mr. Davey (page 658) from Stuart, was the year 
wherein only a single patent was taken out, and that was by a 
gentleman of the name of Lydall for separating gold and silver 
from tin. 

* Life of Watt in ‘‘ The Dictionary of National Biography.” 
t Mr. Norris writes (page 675) that, as contemporary evidence in the belief of 

the grant of a pdtent, may be quoted an extract from a letter from Richard 
Ford of Coalbrookdale to Thomas Goldney of Bristol, both partners in the 
Coalbrookdale concern, under date 26 March 1733, “And ti6 yo patent for ye 
Fire Engine is about expiring, that business will consequently more increase.” 

$ See also Transactions, British Association, 1877, Mechaniml Soience 
Section, page 217. 
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APPENDIX 111. 

BY Ma. HENRY DAVEY, Hember of Council. 

Xelocomen Engines at the Farme Colliery, Rutherglen, near Glaagow. 
Plate 18. 

The Newcomen engines at the Farme Colliery were three in 
number. I n  its present state it is 
illustrated in Plate I8 by photographs and drawing, together with 
indicator diagrams taken from it. It has a 42-inch cylinder with a 
stroko of 5 feet 8 incheo, and has worked almost constantly since 
it  was put up, being employed in winding coal. One rope draws 
from 8 depth of 30 fathoms, the other from a depth of 44 fathomg. 
Until recently, it also pumped water from a depth of 23 fathoms 
with an 8-inch bucket pump. It drew from 150 to 200 tons per 
day, and pumped for four or five hours in the twenty-four, on a 
consumption of 34 owts. of $‘ dross ” coal per twenty-four hours. 

In 1820 was erected another winding engine; and in 1821 
a pumping engine, having a 60-inch cylinder, with a stroke of 7 feet. 
It worked three set of pumps. I n  the top set the pump was 20 
fathoms deep, with 154-inch bucket ; the second set was 30 fathoms 
below, with a 12-inch bucket; and the bottom set was 20 fathoms 
lower, with 10-inch bucket : making 70 fathoms totsl lift. 8tem 
was supplied by two haystack boilers, 30 feet and 25 feet in diameter ; 
the pressure of steam was 24 to 3 lbs. on the square inch. The 
piston was made as an ordinsry air-pump bucket, and wae packed 
with the old hemp ropes that had been used in the pit. A head of 
water 12 inches deep was always kept above it, so to prevent 
air leaks. The engine worked night and dRy, driving two pumps, 
and sometimes three when they were hard pressed with water in the 
pits. Wood blocks were bolted to the beam to regulate the stroke. 
They were covered with old ropes to deaden the shock of the beam 
coming down, should the enginernan happen to give her a little 
extra steam. 

The winding engine erected in 1810 is still working; it was 
constructed by John McIntyre, who made his own patterns, and 

The first was erected in 1810. 
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obtained the castings from the Citmlachie Foundry, three or four 
miles away. The two other engines were taken down in 1888. 

APPENDIX IV. 

BY MR. 13. W. PEARSON, M e d e r ,  OF BRISTOL. 

The writer having offered to the Institution in 1901 a description 
of the Ashton Vale Newcomen Engine, the Council considered i t  
mould form an interesting contribution to the history of the subject ; 
and Mr. Davey having offered to compile a general history of the 
Newcomen engine, the writer trusta the following short account of some 
early illiistrations of pumping and winding engines, which in most 
cases have come directly under his notice, will  be of some 
service to the Members of the Institution, and of sufficient 
interest to form a pleasing link between the past and the present. 
Tho existing developments, and the perfection to which the steam- 
engine and pump have been brought, will perhaps make the 
retrospect a still more interesting and instructive comparison in the 
study of their history, more especially in connection with mechanical 
works. The earlier and more ancient examplos of steam as a power 
for working pumps and driving machinery were referred to by the 
writer in a pamphlet, published in 1896, entitled ‘‘ The Creation and 
Development of the Steam-Engine,” which is in the Institution 
Library. 

Newcornen Engine at A8htOn Faale Iron W o r h ,  Bristol.* 

Plates 19 and 20. 

The earliest instance of a pumping engine for colliery purposes, 
which has come under the writer’s notice, is the Newcomen engine 
at the South Liberty Colliery of the Ashton Vale Iron Company, 

* Compiled by the writer from particular3 taken by him from the engine 
itself at the South Liberty Colliery in  1895, at which date the engine was in 
regular work. It has since been dismantled in 1900. There is at South 
Kensington a photograph of this engine, taken many years ago, when it xas in 
a more perfect condition than it was in 1895. 
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near Bristol. Accarding to common statements Thomas Newcomen, 
of Devonshire, invented in 1705 the first successful cylinder and 
piston engines; and this example is considered one of the early 
large engines built by him, possibly about 1746-60. * The drawing 
in Plate 19  shows the general arrangemcnt of the engine, and has 
been prepared from a sketch the writer had made in September 
1895, when he had occasion to take some particulars on the spot for 
illustrciting this old relic. The drawing, together with the three 
photographs, Plate 20,t conveys a good idea of the rndo though 
Successful working structure of Newcomen’s age, with its open-topped 
cylinder and trussed oak beam having arch-heads at  the ends. The 
cylinder waa 5 feet 6 inches diameter, and being 10 feet long had 
clearance enough to allow of working&foot stroke if required. The 
piston WaR packed with rope ends, snd loaded with pig-iron to help to 
balance the indoor stroke ; and was worked with a covering of water 
on the top, so that, if the packing was not quite tight, only water 
leaked through and helped to maintein the vacuum. The valves 
fitted t o  the cylinders consisted of a ciraular lift steam-valvetfor 
admitting steam during the outdoor stroke; a slide-valve B for 
admitting injection water to condense the steam for forming the 
vacuum ; and a flap valve C, kept closed by a weighted lever, for the 
escape of the injection and condensed water at the end of the indoor 
stroke. The Newcomen engine was utterly dependent on manual 
working of the valves, until that egregious youth Humphrey Potter 
devised self-acting catches whereby the working beam was mads to 
perform the opening and closing of the valve.: This led to the 
introduction of the plug frame, fitted with catches to act on the valve 

* Mr. W. G. Norris writes that he has little doubt the castings for this 
engine were made at Coalbrookdale about the year 1760, or perhaps a few 
years earlier; no castings so large could have been obtained much earlier thafi 
that date. 

t Mr. W. G. Norris writes, in reference to those illustrations, that there must 
Iiave been renovation in the early years of the last century, as the large adjusting 
screws on the arch-head at the pump end of the beam in Fig. 7, Plate 20, 
cannot have been of the same date as the cylinder. 

1 This story is quite discredited-H. D. 
3 B  
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levers-first put on a Newcastle engine by Henry Beighton in 1718." 
The engine was at  first supplied with steam from a haystack boiler, but 
latterly from the boilers working the winding engine; the steam 
was passed into t~ receiver through a reducing valve by which the 
pressure wrm brought down tci 2& lbs. to the square inch before 
entering the cylinder. The beam was built of oak timber trussed 
with rods, 24 feet long and 4 feet deep, and had V-shaped gudgeons 
of cast-iron bolted on it in the form of a collar, which rocked in 
cast-iron plummer blocks. I ts  weight with the gudgeons, trusses, 
Cstc., was about 5 tons. The engine made from ten to eleven double 
etrokes per minute. 

The pumps, which were three in number, were bucket lifts, and 
9 inches in diameter, and were worked from the end of the beam 
by chains secured to the beam, and passing over the wooden 
arch-head at outer end of  beam and thence down to the pump-rods, 
which were of wood, bolted together with side straps. The pumps 
were in three lifts, delivering one into another from the bottom of 
the shaft, which was 700 feet deep. There was a jack-pump J 
attached to the inner end of beam, which lifted water into a cistern 
on the beam floor for supplying the injection water to the cylinder. 
A vacuum was formed on the under side of the piston by the 
admission of steam during the outdoor stroke, which was then 
condensed by the admission of injection water; and the top of 
cylinder being open to the atmosphere, the atmospheric pressure 
on top of piston cansed it to descend with an energy proportional 
to the perfection of the vacuum formed, thereby producing the 
indoor stroke, which lifted the pump rods and buckets a t  the outer 
end of the beam, and so raised the water from the bottom of the 
shaft. The outdoor or descending stroke of the pumps was made 
chiefly by the weight of the rods, &c. ; and thus the double stroke 

. was completed. 
No indicator diagrams had ever been taken from the cylinder 

until the writer took some in 1895, for which purpose the cylinder 
had toe be drilled and indicator connections and gear fitted. Fig. 5, 

* '' Imperial Cyclopedia, of Machinery," by W. Johnson, 1652. 
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Plate 19, represents the indicator diagram, showing the amount of 
vacuum to be between 9 and 10 lbs. At a speed of 10 strokes per 
dnute this diagram gives about 52 horee-power. The old driver 
seen in Fig. 6, Plate 20, near the gudgeon blocks, worked the engine 
up to the time of its being dismounted in 1900, and had driven i t  
since he was 8 boy. His father and grandfather had worked it 
before him. No records could be obtained of the cost of the engine, 
neither was the writer able to gather any information as to who 
made the castings or erected the engine. He searched for s date on 
the cylinder and other parts of the engine, but could find no 
evidence of it. The gem for actuating the steam-valve and injection- 
valve was almost identical with that shown in the illustrations of the 
earliest engines: in confirmation of which the writer consulted an 
old book called u The Principles of Xechanics and the General Laws 
of Motion,” by Emerson, published in 1758, kindly lent to him by 
Mr. T. Bush, of Bath, formerly of the firm Xessrs. Bush and De 
S o p s  of Bristol; this he has shown to Mr. Davey. Mr. W. G. 
Norris believes that a second edition of this book was published 
some years later. 

Engine at Bufery Old Colliery, near Stourbr,‘dge. 

Fig. 15, Plate 26. 

Mr. E. B. Marten, of Stourbridge, has lent the writer some 
sketches of early examples of open-topped cylinder enginee of the 
Newcomen kind, which were worked in the neighbourhood of 
Stourbridge. These sketches* are from a collection of Mi. W. B. 
Collis, of Stourbridge, and are from the pen of tho engineman who 
drove the engines, named William Patrick, whose father and 
grandfather had worked them before him. 

‘(A Scribble of the Buffery old Pumping ’Engine,” Fig. 15, 
Plate 26, drawn from memory in 1878, illustrates the Newcomen 
atmospheric engine, and shows the old haystack boiler with its 

* See U Z E O  Appendix VIII (page 691). 
3 ~ 2  
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steam connections, and the admission of steam controlled by the 
levers worked from the tappet on the plug-rod from the beam. 
The engine as shown had a Watt condenser. There are also shown 
the jack-pump and hot-well tank, dealing with the injection water 
after i t  had done its work in the cylinder in forming thevacuum 
to give the indoor stroke. The outdoor stroke was made by 
the weight of the pump-rods, 8s in other instances of this class of 
engine. The oak trussed and tied beam, with quadrant ends and 
chain connections to pump and piston-rods, was similar to those 
previously described in connection with the engines of the Newcomen 
period. 

Atmospheric Winding Engine,+ near Stourbridge. 

Fig. 16, Plate 26. 
The other illustration is of a curious old atmospheric winding 

engine of the same kind as the one just described, with the exception 
that the quadrant ends to the beam were dispensed with; the 
couplings for the piston-rod and for the connecting-rod to the 
flywheel and crank-ahaft were formed by a gudgeon or pin working 
in a sort of gudgeon block attached to the ends of the wooden beam, 
which was doubtless in two slabs, with a space between them to 
allow of the oscillation of the piston-rod and connecting-rod at  the 
beam ends. An interesting note was made by the draughtsman, 
Mr. Patrick, stating that this is a representation of the atmospheric 
winding engine worked by him when he was ten years old in the 
year 1814; it was drawn by him in 1878 from memory. 8everal 
engines of somewhat similar description were to be seen working in 
Shropshire and South Staffordshire up to 1860. 

York Water W0rk.s Pumping Engine. 

Plate 21. 
On occasion of being cinsulted by the York Water Company, in 

a visit to their works the writer came across an early illustratiou of 

* See Indicator Diagrams, Plate 27. 
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their “Fire Engine,” which is here reproduced by the kindness of 
Sir Jos. Sykes Rymer, the Chairman, and Mr. Humphreys, the 
engineer; Plate 21 is a copy of the original working drawing, 
reduced to one quarter the size of the original. 

The action of this engine, i t  will be seen, is almost identical with 
that of the Ashton Vale Newcomen Engine previously described. 
The engine was designed by’smeaton, and erected in 1784. I t  mas 
18 horse-power, and raised 16 gallons of water per stroke, and 
could work up to 18 strokes per minute, and appeared to be used 
from 7 to 8 hours each day. The cylinder was placed immediately 
aver the centre of the boiler, and the steam admitted at  the bottom 
of the cylinder, the admission beicg regulated by the cataract ; 
diameter of the steam-supply pipe 5 inches. The diameter of the 
cylinder was 27 inches, and its total length was 8 feet 3 inches. 
The length of the stroke was 6 feet ; length of beam 234 feet, with 
quadrant ends. Two pumps, one 9 inches and the other 74 inches 
diameter. The rising main from the larger pump to the reservoir 
on the top of the tower was of flanged iron, and that from the 
smaller pump delivered into the reservoir through wooden pipes. 
The lift was about 70 feet. The supply pipe from the reservoir 
to the city was 7 inches diameter. A wooden overflow pipe was 
iixed for returning the water into the well below, in which the 
pumps were situated. A tell&& worked by a float was placed in  
the engine-room, for showing the depth of water in the reservoir. 
The boiler was haystack; the body was made of copper, 9 feet 
3 inches diameter at its broadest part, and 7 feet at the bottom, the 
crown was of iron-plate; total depth 8 feet 6 inches. For the most 
part the cataract appeared to have been adjustad to eleven strokes 
per minute. 

An interesting trial of the engine was made by Smeaton in 
August 1785, and is recorded in  Table 1 (page 688). 
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TABLE 1. 

Date. 

-- 

1785. 
24 Aug. 

1 ,  
‘3 P 
I 3  

1 3  

1 2  

* Same as Slack. 
t Illett, or measure, is believed by Mr. Humphrey, the present engineer of 

the York Water Works to mean a bushel, one bushel of cods weighing 84 lbs. 

APPENDIX V. 
BY MR. JOHN H. CRABTREE, OF OLDHAH. 

Newcornen Pumping Engine at Bardsley, near AslLton-uitder-Lyne. 
Plate 22. 

This engine, in a ruined condition, is still to be seen at Bardsley, 
near Ashton-under-Lyne, and was used for pumping water out of B coal 
mine there. I t  had a wooden beam with metal bracings, and is said 
to be of very early date. It had a cylinder, open at the top, about 
28 inches in diameter, with a stroke of about 6 feet. The steam 
entered the cylinder at the bottom, and the condensation was effected 
by the injection of cold water into the cylinder. There was no 
separate condenser. I t  
pumped water from the ‘( Camel ” mine, which was 70 yards deep. 
The boiler was of the (‘ wagon ” pattern, and was placed in front of 
the beam-bed of the engine.* 

The engine passed out of use about 1830. 

* A Photograph of this eiigiuo is in South Kensington Museum. 
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APPENDIX VI. 

BY MR. W. E. HIPKINS, Member, OF BIBHISGHAX. 

The drawing reproduced in Plate 23 represenh a Kewcomen mine- 
engine, but the writer ha9 no knowledge at what mine it was worked. 
James Watt visited various mines for the purpose of making hand 
sketches and taking particulars of the engines and coal consumptbv, 
for enabling him to send in a report pointing out the awing to  be 
effected by adopting his own plan of engine in lieu of the atmospheric. 
When the law c&ws with Hornblower, Bull, and other later 
infringere of Watt’s patents, were proceeding,most of the sketches 
were properly drawn out with a view to their production in evidenoe ; 
and the drawing in Plate 23, dated 1826, was taken from m porttolio 
containing all theso drawings in question, and is doubtless made from 
one of James Watt’s sketches of a much earlier date, probably about 
1796. This drawing represents a modern Newcomen engine arranged 
to work on the injection principlo, the external cylinder or water- 
jacket having been discarded. In the position shown the engine is 
at rest, the weight of pump-rod U having drawn the outer end of the 
working beam R down, thereby bringing the piston up to the top.of 
the cylinder. The manipulation necessary in working the engine 
was the alternate opening and closing of two valves ; the regulating 
or steam valvo M and the condensing or injection valve He When 
the piston reached the top of the cylinder, M had to be closed and H 
opened ; and on reaching the bottom M had to be opened, and H closed. 

In starting * the engine from its position of rest Fhown in the 
drawing, the regulating valve M was opened, and the steam admitted 
was at first condensed by contact with the cold cylinder. After a short 
time however, the cylinder acquired the temperature of the steam, 
which then ceased to be condensed, and became m i d  with the air 
that previously filled the cylinder. The steam and heated air, 
having a greater force than the &nospheric pressure, opened the 

- __ 

* With trifling verbal modifications this paragraph is reproduced from 
+‘ The Steam Engine,” by Dr. Dionyaius Lardner, seventh edition, 1840, pagee 
69-70. 
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blowing or snifting valve V, which was placed at  the end of a small 
pipe a t  the bottom of the cylinder, and opened outwards. From the 
snift the steam and air rushed out in a continuous stream until all the 
air had been expelled, and the cylinder was filled with pure steam. 
This process was calle 1 blowing the engine, preparatory to starting 
it. When i t  was about to be started, the engine-man closed the 
regulating valve M, and thereby stopped the supply of steam from 
the boiler. At the same time he opened the injection valve H, 
whereby a jet of cold water was thrown up into the cylinder. This 
immediately condensed the steam contained in the cylinder, and 
produced a vacuum. The atmosphere oould not enter the snift 
valve V, because i t  opened outwards, so that no air could enter 
to destroy the vacuum. Tbe atmospheric pressure above the piston 
now took effect, and forced it down in the cylinder. The descent 
being completed, the engine-man closed the condcnsing valve H, 
and opened again the regulatin By this means he stopped the 
play of the jet within the cylin F er, and admitted fresh steam from 
the boiler. The first effect of the steam was to expel the condensing 
water and condensed steam, collected in the bottom of the cylinder, 
through the eduction pipe N, containing a valve (called the 
eduhtion valve){which opened outwards ; the pipe led down to the 
hot cistern, into which the water was therefore discharged. When 
the steam admitted through M ceased to be condensed, it balanced 
the atqoqheric pressure above the piston, and thus permitted the 
latter to be drawn up to the top of the cylinder by the weight of the 
pump-rod U. The ascent of the piston was also assisted by tho 
circumstance of the steam being somewhat stronger than the 
atmosphere. 

. 

APPENDIX VII. 
BY M~ssns. THORNEWILL AND WARHAM, OF BU~TON-ON-T~EXT. 

Basset Atmospheric Engine, Denby Colliery, near Derby. 
The atmospheric engine photographed in Fig. 13, Plate 24,* was 

erected in the position shown in 1817, but had been working 

* See also ‘‘ Engineering,” 1887, page 285. 
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previously at  another pit. It ran until 25th April 1886, working 
26 hours a day in winter and 9 or 10 hours a day in summer, and in 
the opinion of the present colliery manager at  Denby it was at that 
time working remarkably well and economically. 

The stroke of the piston was 3 feet 3 inches, diameter of tho 
cylinder 2 feet 2 inches, and stroke of the pump 3 feet. There 
were two lifts of buckets, each 7 inches diameter, with a lift of 
42 yards, the total depth of the pit being 84 yards. The engine 
worked at  22 strokes a minute, and the safety-valve was loaded to a 
pressure of 2 lbs. per square inch. 

Plate 25 shows a photograph and drawing of an Atmospheric 
Rotary Pumping Engine, made at the ‘‘ Moira Furnaces” in 1821. 

APPENDIX VIII. 

BY 3Ix. W. B. COLLIB, OR STOURBRIDGE. 

Comniunicated through Mr. E. B. Marten, Member. 

Thc writer sent to the Institution a number of sketches of old 
engines, made,from memory by-Mr. William Patrick (pages 685-6). 
From these have been selected. for illustration Plates 26 and 28, 
on account of their being Mr. Patrick‘s personal recollections of 
definite engines of the atmospheric class. 

Mr. Patrick was foreman over the colliery engine-men^some 
twelve in number, at Messrs. Cochrane and Co.‘s Woodside Collieries 
between the years 1854-60, and came at that time under the Writer’s 
direction. When he left Woodside he went to Middlesbrongh, and 
subsequently returned to Dudley. The writer believes the whole of his 
sketches are from memory. None of them relates either to the preaent 
Buffery pumping engine or to the atmospheric winding engine, now 
being worked by the Mines Drainage Commissioners in the Old Hill 
district. The writer was informed that the former of these was 
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erected in 1801, and the latter some thirty years later. He re-started 
them both, and put them to work about 1874. The pumping-engine 
works with about 12 lbs. steam pressure, and has an air-pump and 
condenser. The 
engine has no valve betkeen the boiler and the closed top of the 
steam cylinder. The steam-pressure on the top of the piston with 
the vacuum on the underside is suflicient to raise the pumprods and 
water. When the vacuum is destroyed by the admission of a small 
whiff of steam, the weight’ of the rods overpowers the steam, and 
drives it back into the boiler. The atmospheric (open-topped) 
engine receives the injection (condensing) water in the bottom of the 
cylinder, whence it escapes through a ‘‘ pickle-pot ” vessel beneath, 
similar to that shown on Fig. 20, Plate 28, provided Kith a ‘‘ sinker,” 
or self-acting flap-valve opening outwards. The writer has had to 
alter both engines by introducing equilibrium valves in place of the 
original mushroom valves, which had become too heavy for handling, 
on account of the use of a higher steam-pressure than that for which 
they were designed ; but the principles of the engines remain the 
aame. 

The air-pump is on the outer end of the beam. 

APPENDIX IX. 

BY NR. HUGH 5. DUNN, Member, 

O F  THE CAPRINGTON COLLIERY, KEAR ~ I L M A R N O C K .  

The writer draws attention to the description and illustration * 
of a pumping-engine set up at Caprington in 1806 (Plate 29), which, 
according to tho late Nr. Bryan Donkin, was a Newcomen engine.t 
A short description of it has also been published in a recent number 
of the Transactions of the Institution of Mining Engineers. 

* See also South Kensington Miiseum. 
t See ‘‘ The Engineer,” 15 July, 1898, p. 65, illustrated p. 57 
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Notes OR a Newconten Engine at Caprington Cotliery; Ayrshire. 

Plate 29. 

This engine, ermted at Caprington Colliery in the gear 1806, 
is understood to have been built at Cmon Iron Works in 
Stirlingshire, smetime betseen 1770 and 1780 ; it continued at 
work until July 1901, pumping from a pit, the exact ditanoe from 
tho surface of the water in the sump to the lip of the diecharge 
being 165 feet 8 inches. As originally erected at Caprington 
Colliery the engine had the usual wooden beam with castiron 
gudgeons, and a rocker 01' cradle on each end. The pumps were 
worked at  one end by a chain fastened to the upper end of the 
cradle or rocker, and the piston-rod was connected to tho other end 
of the beam in the same manner. The cradles served the purpose 
of a parallel motion. About the year 1837 the wooden beam, 
having shown signs of distress, was removed, and a csst-iron beam 
with mwtiron gudgeons was substituted, and was fitted with a Watt 
parallel motion at each end. At tho same time the original boiler, 
which was spherical, was removed, and an egg-ended boiler was 
substituted. These were khe only alterations made on the engine 
during the ninety-five years it worked s t  Caprington ColIiery. The 
engine is of the usual kind, made on the Newcomen principle. The 
cylinder is 308 inches internal diameter, and about 8 feet long. 
The working stroke however is only 4 feet 6 inches to 5 feet. 
The excess length of cylinder is necessary, owing to the lower 
part of it being used as a condenser, and also because there is no 
crank to regulate the stroke, which constantly varies with the least 
change of either t3tet~1.1 or atmospheric pressure, or with the 
condition of the pump bucket. The steam is admitted to the 
cylinder at just over atmospheric pressure by a plain plate-andbpin 
valve, worked by a rod passing through an ordinnry StnfElng-box. 
The valve-rod is actuated by the tappet gear through a series of rods 
and levers, worked direct from the beam. The water for condensation 
is admitted at the bottom of the cylinder, also by a plate-and-pin 
valve similarly worked ; but here the valve-rod passes through 
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the side of the water valve-chest, and is kept tight by a cramp 
arrangement, which presses a collar on the valve-rod against a small 
brass collar screwed into the side of the water valve-chest. The 
condensed steam and the condensing water are discharged through an 
eduction port in the bottom of the cylinder, which is practically 
the sole-plate of the engine. The discharge or eduction pipe, fitted 
with a hinged non-return valve, is immersed in a cast-iron tank or 
hot-well filled with water, which effectually secures the engine 
against taking in air at the discharge valve. From this hot-well 
the feed-water flows into the boiler by gravity, being regulated 
by a float which opens the feed-vslve according as water is 
required in the boiler. The cycle of the engine is as follows:- 
The pump-rods being heavier than the piston and other attachmentn 
at  the cylinder end of the beam, the piston is always kept a t  
the top end of the cylinder when the engine is stopped., To 
start the engine, the steam-valve is opened, and the steam allowed 
to blow through for a few seconds; it is then closed, and the 
injection-valve opened ; this produces a partial vacuum, and the 
piston will move down perhaps a few.inches. The water is then 
at  once shut off, and the same process is repeated until the air is 
entirely expelled from the cylinder, and the engine continues to 
work full stroke. Every time the steam-valve is opened, the water 
which was admitted during the previous stroke is expelled by the 
steam; and as soon as the cold water is admitted, the vacuum is 
formed, and the non-return eduction-valve closes. The piston 
is well worth study, as showing how the difficulties of construction 
were got over in those early engineering times. The body is of 
cast iron, and is fastened to the piston-rod by an old form of splice- 
joint secured by a collar-ring and cottar-pin, Fig. 23, Plate 29. To 
prevent leakage of air into the cylinder, the piston was packed 
rouncl the flange with old rope or junk, over which were placed 
quadrant-shaped weights to hold the junk down. A jet of water 
was always kept running upon the piston, to prevent air from 
passing. The pump-rods were made of red pine, 4 inches quare,  
jointed with malleable iron plates, 7 feet long by 3 inches by $j inch ; 
and were carried down the pump pipes to the working barrel, which 
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was 9 inches in diametor. The stroke of the pump was equal to the 
stroke of the piston. The piston usually made from 11 to 13 strokes 
per minute. The water for condensation, and for keeping the 
piston covered was supplied from the jack-head tsnk, which was 
about 5 feet by 3 feet by 3 feet, and was kept full of water by the 
jack-head pump, which was an ordinary bucket-pump 4 inches 
diameter, making half the stroke of the engine piston. The 
spherical boiler was 8 feet 4 inches in diameter. The under half 
was made of malleable iron plates 3 inch thick; the top half was 
cast iron. Each half had a 0ange about 4 inches broad for 
fastening them together, which was done with +inch bolts spaced 
about 9 inches apart. The joint was made with gasket and white 
lead, and the outside stemmed with cast-iron turnings and sal- 
ammoniac. The whole of the engine castings are cold-blast iron ; 
each casting has a number and its weight cut on it with a diamond- 
pointed chisel. The cylinder has cut on i t  

No. 31935 

CARRON 
1-6-3-0 

The engine is to be erected by the Corporation of Kilmarnock 
in  the Dick Museum. 

APPENDIX X. 

Additional Notes bg the Secretary. 

In connection with a Paper read before the Institution in 
November 1883, by Mr. E. A. Cowper, on “ The Inventions Of James 
Watt,” an illustration (Plate 87, described on page 623) shows 
“ The Steam Engine near Dudley Castle, Invented by Capt. Savery 
and Mr. Newcomen. Erected by ye later, 1712.” See alate, page 661. 

A reproduction of the original engraving of this engine may also 
be seen in “ The Engineer,” 28 November 1879. 

A short Paper on “ Thos. Kewcomen’s Steam-Engine,” by Thomas 
Lidstone, was read at  the British Association in  1877 (see page 680) ; 
and a pamphlet “ Some account of the Residence of the Inventor of 
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the Steam-Engine ” was published (2nd edition) in 1869 by the same 
author. 

In  a series of articles published in ‘‘ The Engineer ” during 1880, 
on “Pumping Engines at Staveley, Old and New,” will be found, 
on page 84, a full-page drawing of an Atmospheric Engine with 
separate condenser, built at Coalbrookdale in  1776. 

An interesting model of the Newcomen engine, as known in 1720, 
may be seen at  work in the South Kensington Museum. This was 
exhibited at the Meeting. 

Discuseion. 

The PRESIDENT said he was sure that the Meeting might 
congratulate Mr. Henry Davey upon the great success of his labours 
in bringing the history of the Newcomen engine 80 vividly before 
them ; md they might also congratulate themselves upon having 
listened to so interesting a lecture. He thought that at this stage of 
the proceedings formal thanks might be given to the Lecturer and 
others, so that the whole of the evening might not be taken up by 
expressions of praise, but that the remainder might be spent in 
dealing with critical remarks or questions for obtaining information. 
He  would therefore ask them to indicate their agreement with him 
when he proposed that their best thanks should be given to Mr. 
Davey for his Lecture and for his Paper, and also to those gentlemen 
Tvho had made oontributions to that Paper, of either drawings or 
supplemental Papers, namely :-Sir Frederick Bramwell ; Mr. W. B. 
Collis; Mr. John H. Crabtree; Mr. Hugh S. Dunn; Mr. W. E. 
Hipkins; Mr. E. B. Marten ; Mr. W. G. Norris ; Mr- H. W. Peltrson ; 
Messrs. Thornewill and Warham ; and the Board of Education, whose 
Senior Keeper of the Science Museum, Mr. W. I. Last, had so kindly 
arranged for the exhibition of the working model of the Newcomen 
Engine shown at the Meeting. 

The vote of thanks was given by the Meeting with much 
applause. 
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Mr. VAUGHAN PENDRED said that the admirable Lecture which 
they had just heard appeared to him to preeent a suitable occaaion 
for calling attention to the work that had been done by their 
predecessors. He was afraid that in the present day there was some 
tendency among younger members of the profemion to underrate 
what was done by the pioneers of the profession. On wming into 
the hall he mentioned this matter to Mr. Davey, who said that in 
olden times a man had had not only to invent, but he had to invent 
something which could be made. The speaker did not think that 
engineers of the present day thoroughly realised the difficultiefi with 
which men like Newcomen and others had to wntend. A kcen 
controversy raged between Watt and Trevithick in their work. 
Trevithick advocated high-pressure, and Watt low-pressure, and he 
thought that i t  was quite possible that either of them would have 
killed the other if he could have got the chance, and it was perhaps 
as well that James Watt, who was rather a delicate man, never came 
in contact with Trevithick. Mr. Pendred then read an extract from 
the “Life of Trevithick,” containing the Recollections of the late 
Captain Charles Thomas,* Manager of Dolcoath Mine, in which 8 

brief description was given of Captain Trevithick’s large high- 
pressure steam-puffer pumping engine, erected about 1814 at the 
Perland Mice, and worked at about 160 Ibs. pressure (Vol. 2, 
pages 74-75). He, &. Pendred, thought they would agree with him 
that there was a large amount of courage in a man who could do this 
with the boilers of that day, which were made wikh rope yam 
between the lap of the boiler plates to make the seams tight 
(page 78). Mr. Pendred quoted also from pages 90, 91 and 395,t 
which he thought illustrated very clearly the principles on which 
the men worked who made England what she was to-day. He also 
thought that, if a selection were made amongst the best of those 
present, having technical education and skill of all kinds, they would 
not be able to deal as suocessfully as their predecessors with the 

* “ Life of Trevithick,” by Francis Trevithick. Published by E. and F. N . 
t Ibid. 

Spon, London, 1872. 
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mnterials and men available 100 years ago. There was an old 
saying which possibly a great many of them had heard, that the 
difference between an amateur and a regular workman was that the 
amateur would attempt to do anything with hardly any tools at all, 
whereas the workman was entirely helploss unless he had the precise 
tools he thought necessary. All of the early engineers must have 
bean, in the first sense, amateurs. He thought that Newcomen, 
producing an engine such as they had heard described, was a man 
whose reputation should live through all time. 

Mr. HXNRY LEA, Member of Council, said that as a Birmingham 
man he had been considerably cheered up by the reference to 
Newcornen’s obtaining the assistance of mechanics from Birmingham. 
In 1712 Birmingham was the only place apparently in which 
Newcornen could get two or three good mechanics to help him to build 
his engines. He might mention that in Birmingham, up to within quite 
recently, there was fin old beam-engine at Cliffor+$ Rolling Mill, in 
Fazeley Street, with a cylinder of about 4 feet in diameter, and with 
a 9 or 10-foot stroke. That engine had a wooden beam built up of 
baulks of timber, and a wooden connecting-rod. I t  drove that rolling 
mill for about ten hours a day for ninety-five years, and the cost of 
repairs was almost nil. He had taken some diagrams from it and worked 
out the coal consumption per day, and, as far as he could recollect- 
it  waa some eight or nine years ago-it worked out at  about 7 lbs. 
of engine slack per indicated horse-power. The users of that engine 
wanted to know whether it mould pay them to take it out and put 
a more modern one in, and he reckoned that, with the cost of taking 
i t  out and putting in a new engine and new high-pressure boilers, 
i t  would be simply change for sixpence. As they would not get 
more then 10 per cent. reward for their labour, and as the Baving in 
coal would not pay this 10 per cent., there was no financial reason 
for making the change ; and the engine remained, and he believed 
was there to this day, but he understood the old wooden beam had 
been taken out and an iron one put in. I t  was most curious to hear 
this engine at  work; i t  creaked like an old cane-bottomed chair, 
One would think i t  Todd all come to grief, but it had stood for close 
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upon 100 years and did its duty well. He  did not think that they 
sufficiently realised the di5lculties that Newcomen and Boulton and 
Watt experienced in the old days in making engines of the size that 
they did. When one considered these people making cylinders 
G6 inches in diameter and with a 10-foot stroke, in the days when 
there were no lathes to bore them with, it made one appreciate very 
much the perseverance with which they went to work. 

He had once looked through the old correspondence between 
Boulton and Watt, and through Watt’s old drawings, and had come 
across a letter from Boulton to Watt, when Boulton was making the 
Watt engines at Soho, and Watt mas still working in Edinburgh. 
‘‘ My dear friend, congratulate me,” he said ; “ I have just succeeded 
in making a cylinder” (for some engine) “nowhere more than a 
quarter of an inch out of truth.” Of course Boulton had no lathe to 
bore out such a cylinder. It was 4 feet in diameter, and had a 
10-foot stroke. The cylinder was laid on its side in  the yard, and 
a block of lead, about 2 or 3 cwt., was cast inside it ; to this was 
added about a bucketful of emery and oil. Then two gangs of men 
pulled this block backwards and forwards, by means of chains; until 
they had scoured the cylinder smooth. The cylinder was then 
turned round a little on the ground, and another portion was 
scoured smooth. When one considered the means which they had 
for this purpose, he thought i t  was really a matter of much 
cosgratulation that they had produced a cylinder 4 feet in diameter 
and 10-foot stroke “nowhere more than a quarter of an inch ou6 
of truth.” 

Nr. NARK ROBINSON, Member of Council, drew this conclusion 
from the Paper: that it was a great pity that ancient and historical 
engineering rocords were allowed to fall into ruin and dilapidation. 
In any other country in the world he felt sure the Government 
would think it its duty to secure such relics. He went down 
mith Mr. Davey a few months ago to see the old engine at  
Bardsley, illustrated on Plate 22. It was lamentable to see its 
neglected state. When they came back, he wrote to the owner of 
t i e  property on which it vas standing and begged to be allowed to 

3 0  
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remove it, adding that his Company would be delighted to remove 
it, together with the stone column which carried the beam, and to 
re-erect it without any cost to the owners. He proposed to give an 
undertaking that the engine should be properly taken cme of, and 
that, if at any future time his Company desired to give it up, it 
should be available for the purposes of a museum. I t  was probably 
the oldest steam-engine in the world, and enough of it was still left 
to form a most interesting relic, yet he could not even get an answer, 
so little interest was taken in preserving that old relic. If any of the 
Members who were present, who had i t  in their power to influence 
people who had the control of such relics, would endeavour to get 
more attention paid to them by museum authorities, and would 
persuade them to put in claims for such relics, he felt sure that a 
very useful result would have followed from the reading of Mr. 
Davey’s delightful Paper. 

While upon ancient curiosities, he wished to point out that the 
open-top cylinder had come much nearer to their own day than he 
fancied many people were aware, for about thirty-five years ago he 
travelled on a steamer, which used to run between Jersey and St. 
Malo, with oscillating cylinders open at the top ; they had no cover 
of any kind, and one saw the pistons moving up and down-pressed 
down, of course, by atmospheric pressure alone. 

The PBESIDENT said he would now call upon Mr. Davey to 
conclude the Meeting with any remarks he might wish to make. He 
had ehown how slowly improvements travelled a century ago from 
one end ,of the country to the other. I n  thoso days there were no 
such societies as this Institution ; and he did not think i t  would 
take very long now to find out such a difference in economy between 
the Boulton and Watt engine and that of Newcomen, and to 
disseminato the knowledge from one end of the country to the 
other. 

Mr. DAVEY said that he did not know that ho could say very 
much in reply to the questions which had been raised. He was sure 
they could not realise the difficulties of the situation at  the time 
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when Newcomen set to work to make a steam-engine. He might 
mention that the first cylinders were made of brass. At that time 
cylinders of iron could not be cast sufficiently good and true. He 
had seen a copy of the invoice of the en,aine erected for Mr. Wauchope 
in Midlothian only a few years after the first Newcomen engine. 
The cylinder was made of brass somewhere near London. It was 
then put on board ship and sent to Scotland. Engines were, a t  that 
time, designed by Newcomen, and by engineers such as Hornblower 
and others, who went into the neighbornhood where the engines were 
required to 6nd the materials for building them. The pipes at  first 
were made of lead, and the wrought-iron work was macfe a6 local 
blacksmiths' shops. 

He had listened with very much interest to the account Mr. 
Pendred had read of the starting of Trevithick's "pole" engine.* 
His (Mr. Davey's) father was present on ,the occasion of the first 
starting of that engine and had given him very graphia desoriptions 
of what took place. Captain Dick (Richard Trevithick) was there 
with a orowbar which he inserted under a prop beneath the crosshead 
to make the plunger start. Then he called out to a man to come 
and hit the end of the crowbar with a sledge-hammer. 

Referring to the lip round the outlet in the bottom of cylinders, 
Figs. 23 and 24, Plate 30, i t  was interesting to notice that in some 
later engines the bottoms of the cylinders were dished and brought 
down to a cone for the water to tumble into. The steam-valve was 
moved from underneath the cylinder to the side so t h t  the discharge 
of the injection water did not at  all interfere with the steam inlet. 
I t  was quite clear that the Newcornen engine was not ignorantly 
made. All those little points received oonsideration, snd it was not 
the want of knowing what should be done as much as knowing how 
to do it. There was very often as 
much invention in being able to utilise the materials for the purpose 
for which they were required, as in the design of the mechanism 
itself. 

Therein lay the great difficulty. 

* Life of TrevitEok," Vol. 2, page 78. 

3 a 2  
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Cbmmunieations. 

Mr. ARTHUR TITLEY wrote that he thought all members interested 
in early mechanical matters would be grateful to Mr. Dsvey for 
collecting under one head so many facts and illustrations relating 
to steam-engine history. Francis Trevithick, in the life of his 
celebrated father, had recorded, among many other such facts, the 
existence in 1830, near Camborne, of the remains of what was known 
as the old moor-stone boiler. This was a floor about 12 feet square 
of granite blocks which, in the recoliection of people then living, 
had walls several feet in height; and members of a previous 
generation were known to have taken a contract to  cut out the 
copper pipes, &c., from it. He also recorded that cotter bolts and 
screw bolts were used to hold such blocks together. The only 
available iron in Cornwall in the middle of tho 18th century was 
bar, up to 2 inches square, and all  weights were carried between 
the mines and sea-ports on the pack-saddle. This seemed to point 
to an intimate connection between granite and boiler-making, but 
in precisely what manner i t  was hard now to say. The engine 
illustrated by Pryce, Plate 16, was described as the one purchased 
and re-erected by Richard Trevithick, Senior, at Bullen Garden 
(Dolcoath) in 1775 at  a cost of S2,040. This engine was of great 
interest, as it remained for years at  Dolcoath in competition with a 
Boulton and Watt engine, and also with one built by Richard 
Trevithick, the younger, who ultimately added to it a cylinder cover 
and plunger. air and feed-pumps, retaining the timber beam aud 
“horses’ heads.” I t  then (in 1812) took steam from his earliest 
cylindrical (Cornish) boilers, so that this engine, probably one of 
the Newcomen’s own construction, survived to take part in the firgt 
p r a c t i d  experiments with high pressures. 

Hornblower’s valve, as illustrated by Tredgold, although double 
seated, gave only a single passage for steam, Fig. 28 (page 703), the 
present forms being probably much later. Tredgold also illustrated 
61 modification of Hornblower’s valve which had a oylindrical packing 
instead of the upper sent, Fig. 29 (page 703). 
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Wr. John Greene, Mining Manager to the Lilleshall Company, 
Shropshire, informed the writer that up to ten years ago they had 
had an atmospheric engine at work, and i t  was only broken up for 
scrap about three years since. I t  was used at their cc Lawn ” Pumping 
Station as a ‘‘ Man Engine.” I t  had to be c c  handled” and the levers 
act in motion at  each stroke. I t  had, of course, an open-top cylinder, 
and was used about once a week to raise and lower the men employed 
in repairs and examination of the pumping shaft, the rope used 
being of thick round hemp 3 inches in dinmeter. The pit was 
400 yards deep. 

FIG. 28.-Hornblower‘s Valve. FIG. ?9.--Jlodifieati1p~ 

Professor W. CAWTHOBNE UNWIN wrote that he thought Mr. 
Davey was a little hasty in calling the ‘‘ pickle-pot ” a ‘‘ separate ” 
condenser. It was not separate, being always open to the cylinder ; 
and, as it  increased the surface cooled during exhaust and reheated 
during admission, he would think i t  decreased rather than increased 
the efficiency. It looked merely like the arrangement of” a 
draughtaman. There was a working drawing of a Newcomen 
engine in Smeaton’s Reports. ’ 

Mr. DAVEY wrote in reply to the communications that he 
thought Professor Unwin had failed to realize the difference in the 
mode and conditions of working of the engine with the “pickle- 
pot” and without it. There was no doubt whatever that the 
4 6  pickle-pot’’ had been added to reduce the fuel consumption of 
the engine. The engine without the “pickle-pot” might have 
water covering the bottom of the cylinder at the time of opening 
the steam-valve, and the incoming steam would come into contact 
with water having an exposed surface equal to the area of the 
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cylinder. J ~ I  the Lc pickle-pot ” the water surface would be reduced 
to about one-fourth, and the total surface of metal exposed alternately 
to water and steam mould also be reduced. 

The great economy of the Watt condenser arose more from the 
mode of removing the touter and air from the condenser than from the 
use of a separate vessel. The cooling effect of the condenser on the 
cylinder was nearly as much with the Watt as with the “ pickle-pot.” 
I n  the ccpickle-pot,” as in the Newcomen cylinder, the air and 
water were removed by direct contact of steam with the water, 
involving great condensation in the operation; but, in the Watt 
condenser, the work was done by an air-pump. The early Watt 
condensers were constantly open to one end of the cylinder, and in 
all double-acting engines the condenser was practically constantly 
open to one end or the other. No doubt the;pickle-pot ” reduced 
the condensation due to the removal of the injection water. There 
would also be more cooling of the cylinder from direct contact of 
injection water than from contact of a mixture of steam and air at 
tho same temperature. The economy might not havo been very 
great. 

Many letters had been received with reference to the existence of 
old engines, showing how great an interest was taken in the subject ; 
but it had not been possible to make use of the information offered 
without unduly extending the limits, and going beyond the title, of 
the Paper. 

704 rPEWCOYEl ENGINE. 
(Mr. Dave?.) 
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Fig. 5. I/idictlloi- Diagmiii Inkcic fi-ofii nbozie Eitgilze, 27th ill  liy, I8y.j. 
Did. of Cyl. 5’ 6‘’ 
Strohe 6‘ 0”about 
No. of Strokes per min. 10. 

Boiler Pressure 2’3 Ibs. 
Vacuum Gauge, none fixed. 
Time 3 p.m. 
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Appendix V. 

Fig. 10, Vewcoineii Pimping Engine, Barrlsley, near Aslzton-uiztZer-Lyne. 
Out of use 16'70. 
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NEWCOMEN ENGINE. 
Appendix VI.  
Newcoirieii M i n e  Engine. Fig. I T. 

&om a Drawing dated rzth Januiny, 1826. 

Plate 2.7. 

Cylinder. H. Injection Pipe and Valve. P. injection Pump. 
Piston. I .  Injection. Q. Piston Chain. 
Piston Stems.  l i .  Boiler. R. Working Beam. 
T h e  Cup. L. S team Pipe. S. Plugtree which opensand shu t s  
'ro pour wa te r  on piston. h i .  Regulator Valve. Regulator and Injection cocks. 
Overflow pipe from ditto. N. Eduction Pipe. T. Gudgeon of Ream. 
Injection Cistern. 0. I t s  Valve. U. PumpRod .  

V. Snift. 
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NEWCOMEN ENGINE. Plate 26 .  
Appendix VIII. (Described in Appendix IV.) 

Fzgs. r5) 16, r9 G. 20 are from memory drawznp by MY. Wm. Patrick. 

Fig. 15. The Buffery Old Puinping Engine, near Stourbridge. 
(BeinK a Newcomen Engine with watt’s separate condenser addedJ. 

Refiroduced 

Fig. 16. Atmospheric Winding Engine, near Stourbridge. 
Working in 1814. 

+ths. original. 

Mechanical Engzneers 1903. 
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N E W C O M E N  E N G I N E .  

:it IYinclinill End,  timi- Netliei-toil, Dudley, from Newcornen IVinding Engine 

with '( Pickle-pot " Condenser. 

Water admistwn 
\ 

S t e e m  cut-off 
L b s  T A A T M .  L I N E  
" 

- 
- 

5 -  
- 

L bs. ,ATM L I N E  

Dix, of Cyl., 1Rf ins. Length of Stroke. S fret. \lean Pressure. 6'8 Ibs. per sq. in 

Revs .  per min.. 30. I . H . P . ,  19'7. 
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NEWCOMEN ENGINE. P l d e  28. 
Appendix VIII. 

Fig. 19. ‘‘ Pickle-pot ” Atiiiosjliesic Eizgiiie of 16 H . P .  TVoskiig in 1814. 
Repvoduced ird.  ovifiiial. 
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Feet. 
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